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CHAPTER ONE

Introduction

Understanding the reproductive patterns and strategies of a species is an important
step in establishing the species’ life history. Campostoma oligolepis, the Largescale
Stoneroller, is a species that has received little attention in the 90 years since it was first
identified, and the work that has been done has been localized in the American Midwest.
Very little is known about this species’ reproductive season or strategies, and what
information that can be found on the topic is conflicting and often inferred from what is
known about other species within the genus Campostoma. This research aims to take a
closer look at C. oligolepis in the Southeast and to establish a clear understanding of its
reproductive timing.

Context
Since a species’ success is dependent on its fitness, i.e. its ability to survive and
reproduce, determining how and when they reproduce is a critical step in establishing the
endangerment status and needs of a species for conservation and wildlife management
purposes. While most fish have fairly robust reproductive strategies, they can be derailed
by dramatic changes to their environment. Although natural disturbances do occur, the
1

most frequent and devastating alterations to aquatic ecosystems are man-made, namely
through exploitation, habitat alteration, pollution, and the introduction of invasive
species. When man-made and natural disturbances alter aquatic ecosystems, windows
are opened for invasive species to establish and potentially drive native species to
extinction by way of predation, competition, disease, and hybridization (Warren and Burr
2014). As pollution levels rise, non-tolerant species often suffer a decrease in population
size, while pollution tolerant species (such as C. oligolepis) become more abundant
(Moyle and Cech 2004). These alterations not only affect the fish populations but the
entire stream or river ecosystem which has compounding effects on the terrestrial
ecosystems surrounding it. It is important therefore that we understand both native and
non-native species within a community and how they survive and reproduce in order to
better understand and protect that community.
Much work has been done through the lab of Dr. Bruce Stallsmith at University of
Alabama in Huntsville (UAH) in developing a larger picture of the reproduction,
reproductive strategies, and aspects of the life histories of fish populations inhabiting the
Flint River of Alabama (Stallsmith 2015; Stallsmith and Thompson 2012; Tarver 2015;
Taylor 2014; Stallsmith, Mann, and Allen 2015; Holmes et al. 2010) and in the
surrounding Tennessee Valley area (Stallsmith et al. 2007; Stallsmith and Bedingfield
2015; Million 2013). Cumulatively, these papers are developing a larger basis for
understanding the complexities of fish reproduction on a community level. It has been
largely found that many fishes reproduce in early spring, which fits with the general
model of cyprinid reproduction (Moyle and Cech 2004; Wooton and Smith 2015).
The Blotched Chub (Erimystax insignis) reaches peak reproduction in March (Stallsmith,
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Mann, and Allen 2015). Burrhead Shiners (Notropis asperifrons) and the Silverstripe
Shiners (N. stilbius) are at peak reproduction in April (Stallsmith et al. 2007). The
Bigeye Chub (Hybopsis amblops) is most active in April and May (Tarver 2015), the
Scarlet Shiner (Lythrurus fasciolaris) peaks in May (Taylor 2014), and the Telescope
Shiner (N. telescopus) is reproductive from April to July (Holmes et al. 2010). It is
hoped that through this research, which focuses on the reproduction of C. oligolepis, and
the work of many more to come, that an inclusive study of the fishes of the Flint River
can be established and examined as a whole, rather than as pieces of a diverse puzzle.

Campostoma oligolepis Taxonomy
Campostoma oligolepis is a ray-finned fish belonging to Class Actinopterygii.
This class contains most of the known bony fish, consisting of approximately 24,000
species. Campostoma oligolepis is classified as a modern bony fish under subclass
Neopterygii, and like the majority of Actinopterygii, it falls under the infraclass
Teleostei. Commonalities shared by all teleosts include a four-boned operculum, a
homocercal tail supported by uroneural bones, flexible jaws, elasmoid (two-layered)
scales, ossified vertebrae, smaller swim bladders, highly maneuverable fins, and a small
body size (Moyle and Cech 2004). Most

Table 1.1 Taxonomy of C. oligolepis.

teleosts, including C. oligolepis, also utilize

Class
Subclass
Infraclass
Superorder
Order
Superfamily
Family
Genus
Species

genetic sexual determination, gonochoristic
gender systems, external fertilization, and
lack of parental care of young (Wooton and
Smith 2015). Campostoma oligolepis is
further classified under the superorder
3

Actinopterygii
Neopterygii
Teleostei
Ostariophysi
Cypriniformes
Cyprinoidea
Cyprinidae
Campostoma
oligolepis

Ostariophysi, which consists of freshwater minnows, catfishes, and characins, and is in
the order Cypriniformes, which are the dominant fishes of North American freshwater
systems, comprised of approximately 2,700 species (Moyle and Cech 2004). Its family,
Cyprinidae, contains the world’s carps and minnows and dominates the Cypriniformes
with its 2,000 some odd species, 286 of which are found in North America. They can be
characterized by the presence of pharyngeal teeth, thin lips, and a scale-less head. During
their breeding season, many of the North American cyprinids display bright colors and
nuptial tubercles thought to be used to defend nests from rival males (Moyle and Cech
2004; Warren and Burr 2014). Most Cyprinids in eastern North America have a
maximum length of less than 10 cm, and most belong to the genera Notropis or
Cyprinella, but Stonerollers (genus Campostoma) are one of the most abundant Cyprinid
species in terms of population sizes in eastern North America (Moyle and Cech 2004)
and have been frequently found with lengths greater than 10 cm (Hubbs and Greene
1935; Burr and Cashner 1983; Lennon and Phillip 1960; Burkhead 1980).

History of Campostoma oligolepis
When Hubbs and Greene (1935) discovered C. oligolepis while conducting a fish
fauna survey in Wisconsin, there were but two species in the genus Campostoma:
C. anomalum (the Central Stoneroller) and C. ornatum (the Mexican Stoneroller). The
only known species of Campostoma in their research area were the two subspecies of the
Central Stoneroller, C. a. anomalum and C. a. pullum, with only the latter of which
occurring in Wisconsin. During their survey, specimens were collected in Wisconsin that
varied morphologically from C. a. pullum. Most notably, this new fish had fewer scales
and as such was given the Latin name “oligolepis.” When comparing all three species, so
4

much similarity occurred that differentiation relied on a variation in scale size and
number, a variation in mouth size, and a subtle difference in the shape of the body and
head. A distinction between the ranges of the Wisconsin subspecies, C. a. pullum and C.
oligolepis, solidified the idea that C. oligolepis was not just a population with
morphological variation, but indeed a new species. Their findings concluded that
although there was no evidence of integration or any other formal evidence to classify C.
oligolepis (or C. a. pullum) as a subspecies of C. anomalum, the Ohio Valley form of the
nominal species had intermediate characteristics between C. oligolepis and C. a. pullum.
Therefore, C. oligolepis was originally classified as an additional subspecies of C.
anomalum (i.e. C. anomalum oligolepis) (Hubbs and Greene 1935).
For the next 20 years, the species went largely unnoticed. Then, 23 years after
Hubbs and Greene (1935) declared C. oligolepis as subspecies of C. anomalum, Hubbs
and Lagler published “Fishes of the Great Lakes Region,” (1958) in which they suggested
that C. oligolepis might be better classified as a species. Eight more years passed before
Pflieger declared C. oligolepis a species based on specimens collected in Missouri (1966,
1971). Buchanan (1973a, b) conducted similar studies in Arkansas and reached the same
conclusion that C. oligolepis deserved classification as a species. Burr and Smith (1976)
confirmed the species status when they conducted the most extensive research on the
species in the upper Mississippi River valley and found perhaps the most convincing
quantitative evidence that concurred with the findings of Hubbs and Lagler (1958),
Plieger (1971), and Buchanan (1973a, b). Burr and Smith (1976) expanded on Hubbs
and Greene’s (1935) morphological evaluation of the species, re-examined the Hubbs and
Greene holotype, and further defined its distinction from C. anomalum. New distinctive
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characteristics, specifically when compared to C. a. pullum, included larger scales, a lack
of nostril tubercles, lack of a black band in the anal fin of breeding males, broader
interorbital width, longer snout, a wider gape, a more slender body shape, and a flatter
predorsal appearance. These new distinctions aside, the most reliable means of
distinction remained the lateral line scale counts.
Campostoma oligolepis in the South
Burr and Smith (1976) acknowledged that, “it was necessary to study oligolepis
throughout its range…to determine what entities were recognizable and what rank each
should be accorded.” Since they cited previous work done in Missouri (Pflieger 1971)
and Arkansas (Buchanan 1973a, b) as the foundation of their work, concentrated their
research solely in Illinois, and gave no mention of southern states as part of the
distribution of C. oligolepis, it would seem that their presence in the Southeast was either
unknown or too out of reach to consider. While conducting a study on C. pauciradii in
Georgia and Alabama, Burr and Cashner (1983) confirmed that even though C. oligolepis
was previously thought to be restricted to upper Mississippi and Ozark regions, it “is
widely distributed throughout the Mobile Basin and parts of the Escambia, Tennessee,
Cumberland, and Green river systems in Kentucky, Tennessee, Georgia, and Alabama.”
Shortly thereafter, C. oligolepis was reported in Kentucky in the Cumberland River
drainage (Cicerello and Butler 1985), the Green River drainage (Weddle 1986), and in
the Tennessee River drainage (Carney and Burr 1989). A handful of papers were then
published in which C. oligolepis was reported across Alabama in the Chilatchee Creek
(Suttkus and Boschung 1989), the Cahaba River (Suttkus, Thompson, and Bart 1994),
and in the Turkey Creek system (Bart and Taylor 1999). While all of these papers
6

mentioned the presence of C. oligolepis in the Southeast none of them focused on the
species. It is unknown therefore whether C. oligolepis simply went unrecognized in the
Southeast until 1983, or if they were a recent introduction to the ecosystem that quickly
took hold and spread across the region. Through examination of specimens collected by
Forbes and Richardson from 1881 to 1901, Burr and Smith (1976) determined that C.
oligolepis was present, albeit not named as such, in Illinois at the turn of the 20th century
and in greater abundance. Similarly, Iowa had specimen collections of C. oligolepis in
1932 in far greater abundance than could be found in a 1952 survey (Burr and Smith
1976), yet it was not identified and named until 1935. It is entirely possible therefore that
C. oligolepis was present and perhaps even prevalent in the Southeast, but due to a lack
of infrastructure and scientific inquiry in the South during that time, the chances of it ever
being noticed by the scientific community were slim. Many roads in Alabama remained
unpaved well into the 1950’s, and dirt roads can still be found across the Alabama
countryside to this day. Species of Campostoma are known to be utilized as food and
bait fish in the south, especially in the Appalachian region (Lennon and Phillip 1960), but
how long this has occurred is unknown.
Burr and Smith (1976) noted that there are certain morphological differences,
most notably scale counts, between the northern population of C. oligolepis they studied
(Illinois, Minnesota, Iowa, and Wisconsin) and the Missouri population studied by
Pflieger (1971). It is only natural to assume therefore that morphological variations may
be encountered when examining Southern populations.

7

Campostoma Hybridization
Burr and Smith (1976) also re-examined specimens documented to be various
hybrids of C. oligolepis and found morphological variations of the species but no
evidence of hybridization in any specimens. Two years later, Buth and Burr (1978)
discovered that in a Northern Illinois population, “C. oligolepis exhibited an unusually
high degree of genetic variability, high heterozygosity levels, and shared several variant
alleles with C. a. pullum.” These traits were not seen in the Missouri population of C.
oligolepis. Buth and Burr (1978) attributed this to past introgression, not current
hybridization, between C. oligolepis and C. a. pullum.
Rakocinski (1980) studied the same population of fish in Northern Illinois, using
isozyme electrophoresis to examine specific alleles. He concluded that the increased
heterozygosity was due to hybridization.
A…polymorphic locus, represented by the products of two homozygous,
species-specific, fixed alleles, (Es-II aa) and (Es-II bb), were found. The
Es-II aa allele, characteristic of C. oligolepis, was anodally slower and
darker staining, while a faster, lighter staining, homozygous allele, Es-II
bb, was characteristic of C. a. pullum, as established by their respective
control groups. Five of the 128 Kilbuck Cr. [Illinois] specimens were
found to be heterozygous for Es-II, as indicated by the presence of
monomeric products for these codominant alleles (Es-II ab)…The
proportion of fishes examined which were heterozygous for these alleles
was 3.94%, which is remarkably close to the 3.91% F1 hybrid figure
predicted. (Rakocinski 1980)

Rakocinski (1984) later determined that although hybridization does occur between C. a.
pullum and C. oligolepis, they suffer a very high embryo and larval mortality rate,
suggesting hybrid depression. Rakocinski (1980) also suggested that this hybridization
may be a phenomenon localized to their study site in Northern Illinois where range
overlap and environmental conditions perfectly aligned to allow hybridization to occur.
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Intermediate characteristics between C. pauciradii, the Bluefin Stoneroller, and C.
oligolepis were found in a discrete area of the Chestatee River in Georgia where reservoir
construction caused an environmental disturbance that likely resulted in a hybridization
(Burr and Cashner 1983). Habitat disturbances can often cause such hybridization that
would not occur under natural circumstances (Warren and Burr 2014). This is likely the
case since C. pauciradii and C. oligolepis occur sympatrically in the Toccoa River,
Georgia with no evidence of hybridization (Burr and Cashner 1983).
Campostoma Ranges and Species Differentiation
Today, the genus Campostoma contains five species: C. oligolepis (the Largescale
Stoneroller) (Figure 1.1), C. anomalum (the Central Stoneroller), C. ornatum (the
Mexican Stoneroller), C. pauciradii (the Bluefin Stoneroller), and C. spadiceum (the
Highland Stoneroller) (Fishbase, 07/14/2016).
The range of C. oligolepis is now known to cover much of the Midwest and
Southeast of North America (Figure 1.2). This range includes: the Lake Michigan and
upper Mississippi River drainages in Wisconsin, Minnesota, Iowa, and Illinois; the Ozark
streams of Missouri, Arkansas, and Oklahoma; the lower Mississippi, Tennessee, and
Cumberland river drainages in Kentucky, Tennessee, Virginia, and North Carolina; the
Mobile drainage in Alabama, Georgia, and eastern Mississippi (International Union for
Conservation of Nature and Natural Resources (IUCN, 08/10/2016)).
C. anomalum’s range covers central and eastern North America, overlapping
some of the territory of C. oligolepis (Etnier and Starnes 2001), but there is little evidence
of competition between the two species (Burr and Smith 1976). Among tuberculate
males, C. oligolepis are distinguished by a lack of inter-nasal tubercles that C. anomalum
9

often has, and a difference in the number of cephalic tubercles found on each species
(Burr and Smith 1976; Burr and Cashner 1983; Moyle and Smith 2015). A more
quantitative analysis using electrophoretic analysis of isozymes also confirmed these
distinctions between the two species to be a valid form of differentiation (Buth and Burr
1978; Rakocinski 1980; Rakocinski 1984).
The Bluefin Stonerollers, C. pauciradii, are so named because of the iridescent
blue fins displayed in sexually dimorphic males during breeding season. It can be
morphologically distinguished by a decreased number of gill rakers (12-16) when
compared to C. oligolepis and C. anomalum (> 19). They are only found in Alabama and
Georgia in the Altamaha and Apalachicola river drainages and are often syntopic with C.
oligolepis.
The most recently described Campostoma species, the Highland Stoneroller, C.
spadiceum, is restricted to Arkansas and Oklahoma. Much like C. oligolepis, C.
spadiceum was formerly thought to be a variation of C. a. pullum, but was eventually
classified as a species. It is distinguished by a bright red coloration found in the fins, a
unique tubercle pattern, and a minor row of teeth not found in C. a pullum or any other
Campostoma species (Cashner et al. 2010).

10

Figure 1.1 Campostoma oligolepis, Largescale Stoneroller, specimens from the
Flint River, Alabama.

Figure 1.2 Range map of C. oligolepis (NatureServe, 09/13/2016).
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Life History
C. oligolepis inhabits clear running rivers and streams with substrates of cobble
and gravel. Adults prefer fast riffles or moderately deep riffle runs and have a very low
silt tolerance, while juveniles frequently favor slower currents over sand and silt (Burr
and Smith 1976). Campostoma itself is Latin for “curved mouth” stemming from their
prominently curved jaws that allow them to more easily scrape algae and detritus material
off the benthic substrate with their cartilaginous lower jaws (Etnier and Starnes 2001;
Moyle and Cech 2004). They possess an unusually long intestine, up to eight times their
body length, that encircles their small air bladder (Burr and Smith 1976; Warren and Burr
2014) and allows them to consume as much as 27% of their body weight on a daily basis
(Fowler and Taber 1985). Dense populations of Stonerollers are so apt at this feeding
process that they can keep the rocks of their preferred habitat free of algae and diatoms.
In these areas, algae and diatoms are often found growing densely in slow moving or
stagnant water (Moyle and Cech 2004). Such change to the ecosystem naturally has
effects on other aquatic species that share their habitat. Snails were found to grow larger
while crayfish were found to lose weight in the presence of a Campostoma population
examined due to Campostoma altering their habitat (Vaughn, Gelwick, and Matthews
1993; Warren and Burr 2014).
Reproduction
There is little if any consensus on the reproductive schedule of C. oligolepis.
They are reported to spawn from early April to June by some sources (Etnier and Starnes
2001; Burr and Smith 1976), and March through April by others (Mettee, O’Neil, and
Pierson 1996), but there are no peer-reviewed, published data to support those claims. In
12

fact, the only published paper focused on C. oligolepis reproduction found them to be
reproductively active from January through May contrary to all other claims (South and
Ensign 2013). However, their study was intended to identify reproductive differences in
C. oligolepis between urban and rural streams, and it neglected to collect specimens
during 4 months of the calendar year based on Etnier and Starnes’ (1993) claim that they
are only reproductively active from April to June. It does, however, further emphasize
the general disagreement on when C. oligolepis is reproductively active.
What we do know about C. oligolepis reproduction is largely based on what is
known to be true of all Campostoma species. During breeding season, males dredge out
spawning pits in shallow water with gravel substrate. This is done by shuffling stones
with their mouths or heads, earning them the name “stonerollers.” A small portion of the
male population grow larger in size and monopolize ova fertilization (Parikh, Clement,
and Fernald 2006). These bourgeois males guard their spawning pits which may be as
large as 30 cm deep. Growing larger than other males and guarding spawning pits
requires a large investment of energy but is rewarded with greater genetic proliferation.
Other males conserve their energy by not growing as large and through sneaky mating
behavior in which smaller males attempt to fertilize ova in another male’s guarded
territory (Lennon and Phillip 1960). Multiple females may visit a pit and spawn with the
male guarding it, and males may create several spawning pits in a breeding season. Like
most teleost species, once spawning is complete, the nest is left unattended and no
parental care is provided to the fry upon hatching. Campostoma anomalum has been
known to compete for reproductive sites with rainbow trout and creek chub, often
destroying the other species’ nests in order to make their own (Lennon and Phillip 1960).

13

The spawning area created by Campostoma males, with clean, upturned gravel, creates an
ideal area for many other species to spawn. In this way, Campostoma contributes to the
maintenance of many other fishes in its ecosystem (Etnier and Starnes 2001; Moyle and
Cech 2004; Sabaj, Maurakis, and Woolcott 1999).
The closely related C. anomalum has a peak reproductive season from early April
to mid-June with water temperatures from 12 to 14 ˚C. Females deposit 200 to 2500 eggs
during breeding season (Etnier and Starnes 1993). A study in Pennsylvania found that
mature C.a. pullum eggs measured around 2.0 mm, and hatching occurred approximately
69-72 hours after fertilization with newly emergent larvae measuring an average of
5.7 mm in standard length (Reed 1958). Young are estimated to reach sexual maturity in
their first year while reaching lengths of 35 to 65 mm. The lifespan is approximately 4
years (Etnier and Starnes 1993).
There is little sexual dimorphism among meristic characteristics of C. oligolepis,
but males often reach a greater maximum length than females (Burr and Smith 1976).
Some sexual dimorphism can be seen during the breeding season in the form of
coloration and tubercles. During this time males may develop tubercles on their head,
fins, and body, and the head and lips often become swollen (Burr and Smith 1976; Hubbs
and Greene 1935). Tuberculation does not occur in females, but slight coloration
changes do occur during the breeding season. They may develop a black band in the
dorsal fin, and often take on an orange-ish hue around the anal, pelvic, and dorsal fin
during reproductive peaks. Gravid females have a visibly heavy, enlarged, and
descended abdomen (Burr and Smith 1976).

14

Purpose and Hypothesis
Campostoma oligolepis was selected for this study for several reasons. They are
abundant in the Flint River making it relatively easy to collect the desired number of
specimens. They are presumably important to their community ecology, and currently,
C. oligolepis’ conservation status is listed as Least Concern by the International Union
for Conservation of Nature and Natural Resources (IUCN), so the large number of fish
that were needed for the study could be collected without fear of diminishing the
population. Due to their high pollution tolerance (Price and Birge 2006), and large and
stable population in the Southeast, their conservation status will likely remain the same
for the foreseeable future. However, it is important to emphasize that just because a
species is stable currently does not mean it is not in need of conservation and
management efforts. Even pollution tolerant species such as C. oligolepis have their
limitations. Conservation at its core should work to preserve all species to prevent them
from ever nearing endangered or overpopulated status. Unfortunately, for reasons that
range from policy to money to poor stewardship, most species go widely unrecognized by
the public and un-researched by scientists until they are near extinction. I hold no
unrealistic expectation that Stonerollers will become a commonly known species, but
especially in our time of escalating pollution and man-made environmental disturbances,
they do warrant a certain amount of curiosity, especially given that they can be used to
monitor water pollution to a certain extent (Price and Birge 2006).
The purpose of this study is to determine the reproductive timing and traits of C.
oligolepis. Little research has been reported on the species, and even less on its
reproduction. What information that does exist is contradictory with other regions, with
15

other sources, and with the findings of this study. It was hypothesized that C. oligolepis
is reproductively active in the spring, based on the afore-mentioned literature. It was also
expected that certain reproductive traits of the species would be ascertained. These
include but are not limited to, average male and female GSI for all seasons and
reproductive stages, average oocyte load throughout the year, and basic morphological
measurements. This research should provide new insight into this species’ life history by
examining a population in the Southeast, an area ignored by previous research on the
species.
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CHAPTER TWO

Methodology

Individual C. oligolepis were collected monthly from the Flint River at the
intersection of Oscar Patterson Road in Madison County, Alabama (N 34.880555,
W 86.471936) (Figure 2.1). A total of 768 fish were collected over a period of 19
months, from March, 2014 to September, 2015. Water temperature and total dissolved
solids (TDS) measurements were taken on site during each collection. Fish were
collected using a seine net measuring 3.5 m long, 1.2 m wide, with a 1.3 mm mesh placed
in moderate depth (0.5 – 1. 0 m) riffles over a gravel substrate. All adult C. oligolepis (>
55 mm) were collected indiscriminate of sex along with juveniles to be used as a
reference of size variation throughout the year. Excess juveniles in some collections
were released on site. The adult threshold of 55 mm was based on visual observation of a
lack of gonadal development in specimens measuring less than 55 mm. Juvenile status
was based on estimation, and any individuals apparently near 55 mm were kept. All
collected specimens were euthanized in 500 ml of water with 2 ml of a 1:9 solution of
clove oil and ethanol, respectively, and transferred into glass jars of 10% phosphate
buffered formalin solution for fixation until they could be dissected and analyzed.
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Figure 2.1 Collection site (Google Maps, 11/14/2016).
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Laboratory Analysis
All specimens were fixed in 10% phosphate buffered formalin for a minimum of
48 hours. Each fish was placed in a separate plastic snack bag with its identification
number, and all the bagged fish were placed in glass jars corresponding to the month in
which they were collected. All plastic bags were slit to allow the formalin to fully
saturate the fish. Specimens were weighed to the nearest 0.0001 g on an Ohaus Explorer
digital balance after being rinsed in tap water and blotted dry with a paper towel. The
standard length (SL) of each fish was measured from the tip of the jaw to the base of the
caudal peduncle to the nearest 0.01 mm using digital calipers.
All adult specimens (> 55 mm) had their gonadal tissue removed by first making
an abdominal incision from slightly posterior of the cloaca to the jaw, and occasionally
severing the jaw to allow smoother access to the abdominal cavity. The posterior end of
the intestine was then severed, and the intestines were gently pulled toward the head of
the fish. An oily fluid ranging in color from orange to black often saturated the
abdominal cavity, and was rinsed out of the fish to improve visibility during dissection.
All dissections were performed under a Motic K series dissecting microscope.
To remove testes, the anterior end was first located and teased apart from
connective tissue using 21-gauge hypodermic needles and fine-tipped forceps. A line
was drawn with the hypodermic needle alongside the length of the testis to separate it
from the black connective tissue holding it to the abdominal cavity. The testes were then
gently pulled posterior and separated from the cloaca. Testes lie on top of the dorsal
aortae (when viewed ventrally during dissection) that run on either side of the spine.
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Removal of the testes therefore often resulted in removal of the aortae as well because of
the dense connective tissue surrounding the gonads.
Ovary removal was done in much the same way as the testes, except in instances
when the ovaries were oversized, wrapping around the intestines and pushing between
some of the other internal organs. In these cases, the right ovary was generally wrapped
around and tucked behind the liver necessitating its removal before the ovary could be
removed. In a few rare cases, the ovaries were so greatly oversized that the entire
abdominal contents were removed to accommodate the gonadal excision (Figure 2.2).
Gonadal tissue was stored in 10% phosphate buffered formalin in either a 1.5 ml
Eppendorf tube or an 8 ml plastic vial depending on the size of the gonads.

Figure 2.2 Enlarged ovaries. All abdominal contents were removed prior to excising
enlarged ovaries.
20

Reproductive Data
Excess connective tissue and all other non-gonadal tissue was separated from the
gonads before being weighed. Gonads were blotted dry with a paper towel and weighed
to the nearest 0.0001 g using an Ohaus digital scale. Photographs were taken of the
gonads using an Olympus DP72 camera attached to an Olympus SZX7 dissecting
microscope and a computer equipped with CellSens© Standard Software package.
Ovaries that were too large to be captured in a single frame were also photographed using
a Sony Cyber-shot 20.1-megapixel digital camera.
Oocytes were liberated by teasing them apart from the ovarian tissue using 21gauge hypodermic needles and fine-tipped forceps. They were then cleaned of any
remaining ovarian tissue and arranged in a single layer within the frame of view of the
microscope. The Olympus DP72 camera was used to photograph all oocytes within the
ovaries. All photographs were labeled with the same method used to catalogue each fish,
and lettered sequentially (a-z) based on the number of photographs needed to capture all
of the oocytes. During dissection, gravid females’ left ovaries were visibly larger than
the right. The decision was made therefore to photograph and count all oocytes in the
female gonadal tissue rather than the method employed in previous projects of counting
oocytes of a single ovary. Eggs liberated from ovaries that remained intact after
dissection and storage were labeled as being either from the left (L) or right (R) ovary,
and eggs that had fallen loose of the ovary during either removal or storage were labeled
as unknown (U).
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Ovary and Oocyte Staging
Ovaries and oocytes were categorized into stages based on a modification of
methodology described by Nunez and Duponchelle (2009). Ovaries were categorized
into 5 stages (Figure 2.3) based on size, coloration, shape, and the stages of oocytes
contained, and are notated with Arabic numerals. Oocytes were categorized into 4 stages
(Figure 2.4) based on size, coloration, and shape, and are notated with Roman numerals.
All oocytes were counted using EggHelper©, a Microsoft Visual Studio 2013 program,
that tallies the oocyte count in the photographs and extrapolates the data into an Excel
spreadsheet (Tarver, 2014).

5 mm

Stage 1

Stage 2

Stage 3

Stage 4

Figure 2.3 Ovarian stages of development. All photos sized to the same scale.
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Stage I

Stage II

Stage III

Stage IV

Figure 2.4 Oocyte stages of development. All photos sized to the same scale.

Stage 1 ovaries, or resting stage ovaries, do not show signs of reproductive
activity. The ovaries are small, pale, and contain no oocytes. These ovaries are
predominantly seen during the months in between reproductive seasons, and in females
that have not yet reached reproductive maturity.
Stage 2 ovaries are categorized as containing predominantly stage I oocytes and
occasionally a few stage II oocytes. They are larger, but still pale and mostly translucent.
Asymmetry of the ovaries is barely discernable at this stage.
Stage 3 ovaries contain predominantly stage II and III oocytes and some stage I
oocytes along with lipid deposits and yolk granules. They are distinctly larger and a
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crisper orange in color. Oocytes are densely packed in the anterior lobes of these ovaries.
Asymmetry of the ovaries becomes apparent at this stage.
Stage 4 ovaries occur just prior to spawning. They contain oocyte stages II, III,
and IV, but with a high percentage of stage III and IV oocytes. Stage 4 ovaries range
from slightly larger to nearly twice the size of stage 3 ovaries and are bright orange in
color. Oocytes are densely packed throughout the ovary. The periphery of the ovary is
covered in a thick vitellogenic gelatinous coating on the side of the ovary that touched the
abdominal wall and the opposite side that bordered the intestines is coated in a layer of
regressed oocytes. This forms a protective layer around the viable oocytes within the
ovaries.
Stage 5 ovaries are post-spawning. The ovaries are large, but contain large empty
spaces within. Some stage 5 ovaries still contain stage II, or III oocytes indicating that
this species is a multiple-spawner. These ovaries transition from stage 5 back to stage 2
(stage 5-2) and often begin the reproductive process again. When the reproductive
season is over, stage 5 ovaries are mostly empty, but generally have a few small oocytes
remaining. These ovaries transition back into a resting state (stage 5-1).
Stage I oocytes are small in size, symmetrically round, and often have a welldefined, small central nucleus. They are previtellogenic giving them a pale orange to
transparent coloration. Oocytes smaller than stage I, or that were oddly shaped, were
considered latent and were neither counted nor measured.
Stage II oocytes are larger than stage I, mostly round and symmetrical, with a
dull, opaque, yellow/orange coloration.
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Stage III oocytes have a more well-defined membrane. Small stage III oocytes
are opaque but with a sharper orange color as they are more saturated with yolk granules
when compared to stage II. Large stage III oocytes are nearly transparent, symmetrically
round, and a central nucleus may become visible. They are often as large or nearly as
large as stage IV oocytes.
Stage IV oocytes are nearly transparent with a clearly visible nucleus on the
periphery of their well-defined membrane. The ooplasm is more transparent but
maintains a crisp yellow/orange hue. Stage III and IV oocytes are considered to be the
clutch and are found only in stage 3 and 4 ovaries.

Statistical Analysis
All statistical analysis was done using Microsoft Excel 2016. Standard length
(SL) and mass were transformed to log10 for all graphical analysis.
A lateral line scale count consisting of all scales along the lateral line from the gill
opening to the base of the caudal fin was performed on 30 fish randomly distributed
between the 19 months of samples. Results were tallied in a frequency distribution to
determine the range of lateral line scales and the most common count.
The GSI (gonadosomatic index) was calculated for all adult males and females.
Paired t-test were performed between males and females within each month. ANOVAs
were run on male and female GSI’s with a follow up Tukey HSD post-hoc analysis when
significance was found.

𝐺𝑆𝐼 = (

𝑔𝑜𝑛𝑎𝑑𝑎𝑙 𝑚𝑎𝑠𝑠
) 100
𝑔𝑟𝑜𝑠𝑠 𝑚𝑎𝑠𝑠 − 𝑔𝑜𝑛𝑎𝑑𝑎𝑙 𝑚𝑎𝑠𝑠
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Stage 5-1 and 5-2 ovaries were categorized as stage 1 and 2, respectively, for
statistical analysis. The average size of oocytes was calculated by measuring the
diameter of 3 random oocytes in each stage of development from each set of ovaries
where oocytes were present. Chi-square (X2) tests were performed between oocytes from
the left and right ovaries to assess for significance.

𝑋2 = Σ

(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑)2
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑

Observed is defined as the number of oocytes counted from either the left or right ovary,
and expected is defined as the number of left oocytes plus the number of right oocytes
divided by 2. If the sum of chi-values from the left and right ovary are greater than
3.841, then the difference between the oocytes in the two ovaries is significant (p ≤ 0.05).
Sets of ovaries with > 10% oocytes from an unknown ovary or < 10 total oocytes were
excluded from analysis.
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CHAPTER THREE

Results

A lateral line scale count was done on 30 random samples encompassing all
months of study. A range of 44 – 52 scales was found with the highest frequency
occurring at 48 scales (Figure 3.1).
A paired t-test was performed between the number of males and females collected
each month to assess for a significant difference. No significance was found at α = 0.05.
This indicates that there was no sex bias among males and females captured throughout
the year.
A positive correlation was found between SL and mass for adults and juveniles
(Figures 3.2 & 3.3). No size dimorphism was found between males and females. When
plotted relative to month, juveniles had the smallest individuals in June and July.
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Figure 3.1 Frequency distribution of lateral line scale count (n=30).

Adult Size Distribution
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Figure 3.2 Length vs. mass size distribution (log transformed) of adult C. oligolepis.
Plotted are all values for both males and females (n = 495) (R2 = 0.96).
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Juvenile Size Distribution
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Figure 3.3 Length vs. mass size distribution (log transformed) of juvenile C. oligolepis.
Plotted are the minimum, first quartile, median, third quartile, and maximum values from
each month.

Reproductive Data
Average GSI’s were calculated for males and females of each month. A
reproductive peak can be seen in both males and females in April of 2014 and March of
2015 (Figure 3.4 & 3.5). To attempt to account for the variation in reproductive peaks
between 2014 and 2015, graphs were made overlaying female GSI, water temperature,
TDS, water level, and rate of discharge in both years (Figures 3.6 & 3.7). Water
temperature and TDS were recorded on site during field collections. Water level and rate
of discharge data were taken from the United States Geological Survey (USGS,
01/24/2017) as monthly averages. The USGS measurements were collected via
automated system at the intersection of highway 72 and the Flint River (Latitude
34°44'57", Longitude -86°26'48" NAD27), approximately 25 km downstream from the
Campostoma collection site.
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Avg. Monthly Male GSI
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Figure 3.4 Average monthly GSI of adult males ± standard error. GSI peaks in April,
2014 and March, 2015.

Avg. Monthly Female GSI
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Figure 3.5 Average monthly GSI of adult females ± standard error. GSI peaks in April,
2014 and March, 2015.
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2014 Peak GSI Compared to Environmental Data
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Figure 3.6 Female GSI compared to water temperature, TDS (total dissolved solids),
water height, and rate of discharge for 2014. All data log transformed. Spring warm
fronts are followed by rain, raising water height, rate of discharge, and TDS within the
river. One or more of these factors contribute to peak reproduction.
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Figure 3.7 Female GSI compared to water temperature, TDS, water height, and rate of
discharge for 2015. All data log transformed.
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Two separate one-way ANOVA’s for males and females were performed on all
GSI data for each reproductive year (March-September, 2014 and October, 2014September, 2015). April, 2014 (n = 1) and May, 2014 (n = 2) were excluded from male
analysis, due to small sample size. Significance was found (p < 0.05) in the 2014
reproductive year. A Tukey HSD post hoc test isolated the significance between August
and September (α = 0.10). No significance was found amongst male GSI’s from October,
2014 to September, 2015.
March, 2014 (n = 1) was excluded from the female analysis. Significance was
found amongst female GSI’s (p < 0.001) in both reproductive years. A Tukey HSD post
hoc test was performed on female GSI’s, isolating significance (α = 0.05) between April
and all other months in the 2014 reproductive year. Significance (α = 0.05) was also
found in the 2015 reproductive year between March and all other months except
December and January when ovaries begin producing a larger number of oocytes.
Ovary and Oocyte Development
All ovaries from June to August were stage 1 and contained no oocytes. All
February ovaries were also in stage 1, but this is likely due to the small sample size of
females (n = 5). A graph was made to assess the percent of ovaries and oocytes in each
stage of development for each month (Figure 3.8 and 3.9).
The largest ovaries by mass came from April, 2014 (4.57 g, GSI = 16.75%), and
the largest ovaries by percent body mass came from March, 2015 (1.08 g, GSI =25.88%).
Both of these show the incredible capacity of ovarian development this species is capable
of in both large and small females. Female size is not necessarily correlated with
reproductive capacity. The most oocytes per set of ovaries recorded came from
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December (2714 oocytes), with 38% stage I, 61% stage II, and 1% stage III, and the
largest clutch (stage III + stage IV) came from April, 2014 with 1359 oocytes.
Anywhere from 1 to 2714 oocytes were removed from each set of ovaries (Table
3.1). Clutches (stage III and IV oocytes from stage 3 and 4 ovaries) were found in
March, April, and May (Table 3.2). Three random oocytes were measured from each set
of ovaries for each stage of development present (Figure 3.10). Stage I, II, III, and IV
oocytes had average diameters of 0.6, 0.9, 1.4, and 1.7 mm, respectively. Overlap in size
range seldom occurred between stages I, II, and III. Size overlap occurred more
frequently between stages III and IV since their distinction is made by coloration and
location of the nucleus within the oocyte. The largest oocyte measured was 2.240 mm
from April, 2014. Oocyte count within a set of ovaries was found to have no consistent
correlation with female size (Figure 3.11).
Left ovaries visually seemed to contain more oocytes. This was analyzed first by
constructing a ratio of oocytes in the left and right ovaries in each month (Figure 3.12).
Seven of the nine months containing oocytes were left-biased. October was right-biased
with a small sample size (n=1). December (n=4) contained only one set of right-biased
ovaries that contained enough oocytes to offset the 3 sets of left-biased ovaries.
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Ovary Stages by Month
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Figure 3.8 Stages of ovary maturation given as a percentage for each month from March,
2014 to September, 2015. Numerical labels indicate the number of ovaries in each stage.

Oocyte Stages by Month
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Figure 3.9 Stages of oocyte maturation given as a percentage for each month from
March, 2014 to May, 2015.
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Table 3.1 Average number of oocytes, oocyte range, and number of females baring
oocytes (n) for all months. Ovaries that did not contain any oocytes are excluded from
average, range, and n.

Month

Average #
Oocytes

Range

n

March, 2014

1059

1059

1

April, 2014

679

76 – 1559

20

May, 2014

68

11 – 139

4

September, 2014

14

14

1

October, 2014

161

161

1

November, 2014

934

287 – 1720

7

December, 2014

1595

640 – 2714

4

January, 2015

929

201 – 2071

8

March, 2015

598

547 – 658

4

April, 2015

201

201

1

May, 2015

65

1 - 494

10

Table 3.2 Average clutch size with stage 3 and 4 ovaries (Stg. III + Stg. IV oocytes) and
clutch size range per month from all females carrying stage III and IV oocytes (n).

Month

Monthly Avg.

Range

n

Total
Adult
Females

March, 2014
April, 2014
May, 2014
March, 2015
April, 2015
May, 2015

540
594
40
339
182
68

540
22-1359
6-60
16-608
182
1-450

1
19
4
4
1
9

1
25
8
12
15
30

35

Avg. Size of Oocyte Stages
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Figure 3.10 Average diameter of oocyte stages for each month with oocytes present.

Oocyte Load vs. Length
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Figure 3.11 Oocyte load compared to log10 standard length (mm) of females, separated
by stage of ovarian maturation.
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Left-Biased Oocyte Distribution
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Figure 3.12 Oocyte distribution between the left and right ovaries compiled for each
month. Bias was based on > 50% of the oocytes being from the left or right ovaries.
October was right-biased with a small sample size (n=1). December was right-biased,
but 3 sets of ovaries (n=4) were left-biased. All other months were left biased.

A chi-square test was performed on the number of oocytes found in left and right
ovaries. Sets of ovaries with > 10% oocytes from an unknown ovary or < 10 total
oocytes were excluded from analysis. Forty-one sets of ovaries were analyzed from 9
different months. Seven of the nine months showed left-ovary-biased significance.
December and October were right-biased and showed no significance. Twenty-nine sets
of the forty-one ovaries examined were left-ovary biased, and of those, 22 were
significant under the chi-square test. A graph of oocyte stages by percent for left and
right ovaries of each month was constructed to observe for oocyte development bias. All
months were near equal in the distribution of oocyte stages between the left and right
ovaries (Figure 3.13 & 3.14).
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2014 Left/Right Oocyte Distribution
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Figure 3.13 Oocyte stages given as a percentage with the left (L) and right (R) ovaries in
each month for 2014.

2015 Left/Right Oocyte Distribution
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Figure 3.14 Oocyte stages given as a percentage within the left (L) and right (R) ovaries
in each month for 2015.
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Testicular Development
No strong development can be seen in the testes except in bourgeois males, which
were found in March, April, Sept., Oct., and Nov., with 11 being caught overall (Figure
3.15 and 3.16). The largest male by size was found in November (SL=146 mm, 51 g),
but had average sized testes (0.09 g, GSI = 0.179%). The largest male by gonadal mass
was caught in March, 2015 (0.15 g, GSI = 1.721%), but was average in size (SL=80 mm,
8.9 g).
1 mm

Figure 3.15 Average sized testes. All photos sized to the same scale.

2 mm

3.2 mm

Figure 3.16 Enlarged testes of bourgeois males. Present in 11 of the 224 adult males
examined.
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CHAPTER FOUR

Discussion

The purpose of this study was to assess the reproductive schedule of Campostoma
oligolepis. With 19 continuous months of samples and 492 adult individuals examined, it
was determined that they have a reproductive season from March to April based on GSI,
clutch size, and ovary and oocyte staging. These results agree, in part, with the
hypothesized spring reproductive season. While a few sources accurately reported the
peak reproductive season (Mettee, O’Neil, and Pierson 1996), none accurately described
the temporal breadth at which their reproductive development occurs or the peculiar way
in which ovaries grow to engulf the abdominal cavity, both of which set this species
apart. This research is the first to quantify C. oligolepis reproductive development
including GSI, ovarian stages of development, and oocyte and clutch size.

Study Limitations
Some months had a limited sample size of either males or females since no
attempt was made to sex individuals caught in the field. Eight of the 19 months
examined contained fewer than 10 adult female individuals, and nine months contained
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fewer than 10 adult male individuals. However, due to the length of this study, the effect
of these small sample sizes can be considered minimal.
Male GSI analysis had certain limitations since most male gonadal tissue samples
from April to June, 2014 were compromised. Sixteen months of testes were successfully
excised, however. Male average GSI is also somewhat skewed due to the limited
presence of bourgeois males compared to the abundance of small, average males.
It is assumed that February females continue reproductive build-up as seen in
January even though February ovaries were all stage 1 (contained no oocytes and with no
signs of having recently spawned). This is likely due to sampling error (n=5 females),
since all February females were barely large enough to qualify as adults (56.9 ± 0.9 mm
SD) (juvenile ≤ 55 mm). It is likely that all 5 February females simply did not reproduce
that season.

Lateral Line Scale Count
A modal count of 48 scales along the lateral line with a range from 44 - 52 was
found. This is different from Burr and Smith (1976) who found a range of 43 - 47 with
the highest frequency at 45 in C. oligolepis from Illinois, Minnesota, Iowa, and
Wisconsin. Pflieger (1971) reported a slightly higher lateral line scale count in C.
oligolepis from Missouri. It is evident that populations of this species vary in this metric
and is not without precedent therefore that a variation in scale count is found in Alabama.
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Reproductive Cues and Environmental Influences
Environmental variations in the river play a role in influencing the timing of this
species’ reproductive peak. There is a correlation between female GSI, water
temperature, TDS, water level, and rate of discharge. This makes sense since the
environmental factors examined are at least partially dependent upon one another. There
is generally a warm front before a rain, and as the water level rises, the rate of discharge
rises, and the TDS of the water rises. Whether one factor is more influential than another
in affecting their reproductive timing remains unknown.

Multiple-spawners
The smallest juveniles were caught in June and July, which would correspond to a
March/April spawning event. Female GSI slowly increases beginning in November and
rises sharply to its peak in March/April. Multiple oocyte stages were found in stage 3
and 4 ovaries along with stage 5-2 ovaries (recently spawned) in March, April, and May.
This is indicative of this species being multiple-spawners within the March/April peak
spawning months (Nunez and Duponchelle 2009). After a spawning event, the remaining
smaller oocytes develop to maturity and another spawning event occurs. Retained stage
II oocytes remaining in the stage 5-2 ovaries in April and May, at the end of the
reproductive season, will become regressed rather than develop further.

Asymmetry of Ovaries
Regressed ovaries are symmetrical in appearance. As they begin to produce
oocytes, however, they become increasingly more asymmetrical. The right ovary grows
and wraps around the liver, giving it a curved upper lobe. The right ovary is generally
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longer than the left, and the left is wider than the right. The left ovary bias in oocyte
production can be accounted for by the loss of volume of the right ovary, caused by the
liver constricting part of the ovary. The right ovary also develops a more pronounced
layer of regressed eggs which lessens the space in which viable oocytes can form. What
causes this layer to form in the right ovary more so than the left has yet to be determined.

Bourgeois Males
Eleven males were found to have abnormally large testes out of the 224 adult
males collected. Their testes are thicker and longer when compared to all the other
males, sometimes resembling a stage 1 ovary. They are positively distinguished by their
delicate, crumbly texture compared to the stringy nature of ovaries, and the posterior
enlargement of the testes near the cloaca compared to ovaries that narrow to a thin
membrane before meeting the cloaca. Most of these males were caught in September.
Strangely, the largest male by size (SL = 146 mm, 51 g) did not have the largest testes
(0.09 g, GSI = 0.179%). A smaller male (SL=80 mm, 8.9 g) had the largest testes by
mass and percent body weight (0.15 g, GSI = 1.721%). This is substantial when
compared to an average monthly GSI ranging from 0.39% in March at the height of the
reproductive season to 0.001% in August. This species has a known occurrence of
bourgeois males and there have been males larger than our largest catch seen in the area.
It is assumed that at least some, if not most, of these enlarged males have similar enlarged
testes (Parikh, Clement, and Fernald 2006). Tubercles were not specifically assessed
during this study, but no tubercles were noted during laboratory processing. They may be
present in larger males not captured or may be minimal in this population.
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Campostoma variability
Compared with other species found in the Flint River, C. oligolepis fits in the
trend of spring peak reproduction. The Blotched Chub (Erimystax insignis) reaches peak
reproduction in March (Stallsmith, Mann, and Allen 2015). The Bigeye Chub (Hybopsis
amblops) is most active in April and May (Tarver 2015), and the Scarlet Shiner
(Lythrurus fasciolaris) peaks in May (Taylor 2014). However, the degree to which C.
oligolepis’ ovaries grow and engulf the abdominal cavity is not seen in any of the other
species encountered in the Flint River or in any other species of Campostoma.
This study demonstrates variability in reproductive timing and scale count
between the Flint River population and other populations of C. oligolepis previously
studied (South and Ensign 2013; Burr and Smith 1976). Burr and Cashner (1983), with a
limited sample size, found variability in 20 different units of morphological measure
between two populations of C. oligolepis from the Duck River, Tennessee and the
Alabama River, Georgia (n=19 and 3, respectively). Comparatively, C. a. anomalum
(Rafinesque) was found to have extremely variable length between populations from
several states (Lennon and Phillip 1960). They were also found to have a variable
reproductive period between 5 different populations in 3 states (Beets 1979), and
extremely variable abundance between populations from 5 counties in East Tennessee
(Burkhead 1980). It is apparent that the genus Campostoma, and certainly C. oligolepis,
has an unusually high degree of variability between populations on several metrics.
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Conclusion
Establishing reproductive timing is an essential step in understanding the life
history of a species. Campostoma oligolepis is a multiple-spawner with a peak
reproductive period in March/April. Little work has been previously done on
Campostoma oligolepis, and there is still much to be learned from them. Many more
variations between populations undoubtedly exist as well as aspects of C. oligolepis’ life
history that have not yet been investigated. Future work could further illuminate the life
history of C. oligolepis through an extensive comparison between multiple populations
from different geographic localities.
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